Introduction
Thanks to the higher electron and hole mobility of the bulk material (3900 and 1900 cm²/Vs, respectively, vs 1500 and 450 cm²/Vs in Si), and its higher theoretical ballistic limit [1] [2] [3] , germanium channel nano MOSFETs are expected to have better performance in the ON state than conventional silicon based devices [4] . However, a high bulk material mobility does not necessary imply neither a high inversion layer mobility, nor a larger mean free path (mfp) for quasi ballistic transport. As a matter of fact, only poor experimental electron mobility, even lower than in Silicon inversion layers, has been reported so far in Ge channels [5] [6] [7] [8] [9] [10] [11] , see Fig 1. The aim of this paper is thus to address these problems in Ge n-type inversion layers in bulk as well as GOI devices, using state-of-the-art Multi Subband Monte Carlo (MSMC) simulation [12] .
Models and simulations
In this work, a MSMC simulator [12] , solving the coupled Boltzmann-Transport-Equations for the subbands in the inversion layer and 2D Poisson equation has been used. The conduction band structure of Ge has been modeled in the framework of the effective mass approximation, accounting for Λ, ∆, and Γ valleys as well as for non parabolicity effects in the in-plane energy dispersion. Scattering mechanisms include phonons (acoustic and optical), surface roughness (SR), ionized impurities and semiconductor thickness fluctuations (see [13] for details). The phonon parameters have been taken from [14] as a starting point, which, when implemented in a MC simulator for the free electron gas, reproduce the experimental mobility of bulk Ge (see Fig. 2 ). The small differences observed in Fig. 2 with the MSMC are due to the limit of the Mode-Space-Approach that can result slightly inaccurate when the quantization direction does not correspond to the principal axis of the constant energy ellipsoids [15] . The low field mobility has been calculated in template structures with a linear potential profile (with a slope of 1kV/cm) and periodical boundary conditions. The backscattering coefficient has been evaluated in a finite linear potential profile (with arbitrary slope), where the left side is an emitting carrier reservoir, while the right side is an absorbing boundary [16] . In all cases, the degeneracy of the electron gas (i.e. Pauli's exclusion principle) has been taken into account, both in the mechanisms of carriers injection and in the process of selection of final states after scattering.
Mobility in Bulk n MOSFETs
A set of experimental data have been reported in Fig. 1 , showing that in all cases, the Ge mobility was comparable or even lower than in Si inversion layers, in spite of its very large value in bulk Ge. These results have only been attributed so far to the poor quality of the interface [17] . However, in inversion layers at high effective field, carrier confinement can also be responsible for a reduction of the phonon-limited mobility (increase of form factors entering the scattering rate, changes in valleys population). The theoretical mobility has thus been simulated with the following assumptions : 1/ the coupling constant D AC of acoustic phonons has been increased by a ratio of 13/9 (Fig.  3) , in agreement to what is usually done when simulating Si inversion layers compared to bulk material [18] [19] , 2/ the SR parameters have been taken equal to those of the Si/SiO 2 interface (optimistic assumption). But even in this case, mobility in Ge inversion layer has been found much lower than in the bulk material, especially at high effective field. Moreover, we have found that the SO phonons of the High-K dielectrics have only a modest impact on the mobility (25% reduction of the phonon limited mobility when considering pure HfO 2 dielectric). Finally, experiments can be fitted by a reasonable increase of SR parameters (Fig. 4) , suggesting an explanation for the poor value of the experimental electron mobility in Ge inversion layers .
Mobility and backscattering in GOI nMOSFETs
Mobility for Double-Gate Germanium On Insulator (GOI) devices versus body thickness t Ge have been also reported in Fig. 5 . The effect of mobility reduction in ultra thin body substrate due to enhanced quantum confinement [19] has been found stronger than in SOI devices, and starting at thicker body thickness (around 10 nm). This may be prejudicial for ultra scaled device application, which typically targets this range of body thickness [20] . The backscattering coefficient r, a figure of merit of transport in quasi ballistic device, has also been simulated. The correlation between the effective mobility µ eff and the backscattering coefficient has been confirmed, both in low field and high field conditions, as previously obtained for Si [16, 21] . Indeed, the channel length L dependency of the Low Field (LF) r LF has been found to follow the r LF =L/(L+ λ 0 ) trend (Fig. 6) , with an extracted mfp λ 0 in good agreement with the 2.µ eff .kT/(e.v th ) formula (Fig. 7) . Similarly, the High Field (HF) r HF has been found in agreement with r HF =L kT /(L kT + λ F ) (Fig. 8) (where L kT is the kT layer length), with a mfp λ F lower than λ 0 , but still proportional to µ eff (Fig. 9) . For a given µ eff the mfp of Ge devices is very close to the one extracted for Si ones in [16].
Conclusions
MSMC simulations of n-type Ge inversion layers have shown that 1/ even assuming a good interface, mobility in ntype Ge inversion layer is comparable to the Si case, 2/ the mean free path in the quasi ballistic regime is strongly correlated with mobility and, for given mobility, similar to the Si value. This suggests that GOI devices will probably not feature a degree of ballisticity dramatically higher than in Si MOSFETs. 
